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A BRIEF ACCOUNT OF THE PROCESSES EMPLOYED IN THE ASSAY OF GOLD 
AND SILVER COINS AT THE MINT OF THE UNITED STATES. 


FROM THE ANNUAL REPORT OP JAMES POLLOCK, DIRECTOR. 


PRINCIPLES OF THE OPERATION. 

Accordiiig to law, the standard gold of tlio United States is so constituted 
that in 1,000 parts by weight 900 shall be of pure gold, and 100 of an alloy 
composed of copper and silver. 

The j)rocess of assay requires that the copper and silver be both entirely 
removed from the gold; and to effect this, two separate operations are necessary. 

The first is for the removal of the copper; and this is done by a method called 
cupellafion, w-hich is conducted in an assaj' furnace in a cupel composed of cal¬ 
cined bones. To the other metals, lead is added ; this metal possesses the prop¬ 
erties of oxidizing and vitrifying under the action of heat, of promoting at the 
same time the oxidation of the copper and other base metals, and of drawing 
with it into the pores of the cupel the whole of these metals, so as to separate 
entirely this part of the alloy, and to leave behind the gold and silver only. 

The separation of the silver from the gold is effected by a process founded on 
the property possessed by nitric acid of dissolving silver without acting upon 
gold. But that the gold may not protect the silver from this action, sulKcient 
silver must first be added to make it at least two-thirds of the mass. The pro¬ 
cess to bo described is based upon the rule of qmrtation, in which the propor¬ 
tion of silver is threc-fom-ths. 


PROCESS OF ASSAY. 

The reserved gold coins arc placed in a Idack-lcad crucible, and covered with 
borax to assist the fluxing and to prevent oxidation of the copper alloy. They 
are thus melted down and stin’cd; by which a complete mixture is effected, so 
that an assay jjiece may be taken from any part of the bar cast out. The ])iece 
taken for this purpose is rolled out for convenience of cutting. It is then taken 
to an assay balance (sensible to the ten-thousandth of a half gram or less,) 
and from it is weighed a half gram,, which is the normal assay weight for gold 
being about 7.7 grains troy. This weight is stamped 1000 ; and all the lesser 
weights, (aftenvards brought into requisition,) are decimal divisions of this 
weight, down to one ten-thousandth part. 

Silver is next weighed out for the quartation; and as the assay-piece, if stand¬ 
ard, should contain 900 thousandths of gold, there must bo three times this 
weight, or 2700 thousandths of silver; and this is accordingly the quantity used. 
It is true that there is already some silver in the alloy, but a little excess over 
the quantity required for the quartation does no injury to the process. 

The lead used for the cupcllatiou is kept prepared in thin sheets, cut into 
square pieces, Avhich should each weigh about ten times as much as the gold 
uuder assay. 

The lead is now rolled into the form of a hollow cone; and into this are in¬ 
troduced the assay gold and the quartation silver, when the lead is closed round 
them and pressed into a ball. 

The furnace having bcH 3 u properly heated, and the cupels jjlaced in it and 





ASSAY OF GOLD AND SILVER COINS. 


423 


brought to the same temperature, the leaden ball, with its contents, is put into 
one of the cupels, the furnace closed, and the o])eration allowed to proceed until 
all agitation is ceased to bo observed in the melted metal and its surface has 
become bright. 

^L'his is ail indication that tho whole of the base metals have been converted 
into oxides and absorbed by the cupel. 

The cupellation being thus finished, tho metal is allowed to cool slowly, artil 
the disk or hidiun which rt forms is detached from tho cupel. 

The button is then llattened by a hammer; is annealed by bringing it to a 
rod heat; is laminated by {lassing it between rollers; is again annealed; and is 
rolled loosely into a spual or coil called a cornet. It is now ready for the pro¬ 
cess of quartation. 

For this jmqiose, it is introduced into a matrass containing about 1^ ounces 
of nitric acid at 22° of Baume’s hydrometer, and in this acid it is boiled for 10 
minutes, as indicated by a sand-glass. 

The acid is then poured off, and three-fourths of an ounco of stronger acid, at 
32°, is substituted for it, in which the gold is boiled for 10 minutes. 

This second acid is then also poured off, and another equal eharge of acid of 
the same strength is introduced, in which the gold is kept for 10 minutes longer. 

It is then presumed that tho whole of tho silver has been removed, and the 
gold is taken out, washed in ])ure water, and exposed, in a crucible, to a red 
heat, for the purpose of drying, strengthening, and annealing it. 

Lastly, the cornet of fine gold thus formed is placed in the assay balance, and 
the number of thousandths which it weighs expresses the fineness of the gold 
assayed, in thousandths. 


TEST ASSAY. 

To test the acouracy of this process, the following method is employed: 

A roll of gold, of absolute purity, which has been kept under the seal of the 
chairman of the assay commissioners, is opened in their presence, and from it is 
taken tho weight of 900 parts. To this are added 75 of copper and 25 of silver, 
so as to form, with tho gold, a weight of 1000 parts of the exact legal standard. 

This is passed through the same process of assay as the other gold, and at 
the same time. After tho assay is finished, it is evident that the pure gold re¬ 
maining ought to weigh exactly 900. If, however, from any cause, it l>e found 
to difl'er from this weight, and therefore to require a correction, it is assumed 
that the same correction must be made in the other assays, and this is done ac¬ 
cordingly. 


ASSAY OF SILVER COINS. 
rUl.NCirLES OF tue operation. 

The standard .silver of the United States is so constituted that of 1000 jiarls 
by weight 900 shall be of pure silver, and 100 of cojijier. 

'^I’he process of assay requires that the exact pro[)urtion of silver in a given 
weight of the compound be ascertained, and this is done by a method called the 
humid assay, which may be explained as follows: 

'I'lie silver and copjier may both be entirely dissolved in nitric acid ; and if to 
a solution thus made another of common salt in water be added, the silver will 
be precipitated in the form of a white powder, which is an ins<^duble chloride, 
while the copper will remain unaHected. 

Now it has been ascertained that 100 parts by weight of pure salt trill con- 
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vert into chloride of silver just 184.25 parts of pure silver 5 consequently the 
quantity of salt necessary to convert into chloride 1000 parts of silver is 542.74, 
as found by the jjroportion— 

184.25 : 100 : : 1000 : 542.74. 

A standard solution of salt is accordingly so prepared as that a given measure 
(the French decilitre) shall contain 542.74 thousandths of a gram of salt. 
The normal weight enqdoyed for silver assays is the gram, (equal to about 
15.4 troy grains,) which is marked 1000, and has its subdivisions, in practical 
weighings, to the half or quarter thousandth. 

Besides this standard solution, which effects the main precipitation of chloride 
of silver, there is a decimal solution, of one-tenth the proportion of salt, which 
it is expedient to use for the lesser and final precipitations. 

In the mode of assay under consideration, it is neces.^ary that the portion of 
alloyed silver used shall contain as nearly as may be 1000 parts of pure silver. 
The rigid standard requires that of 1000 parts by weight 900 shall be of pure 
silver; but the law allows a variation from this ratio, provided that it do not 
exceed tlfi’ee thousandths. The fineness may, therefore, be as low as 897, and 
as high as 903. In the practice of the assay, it is found most convenient to 
assume the lower extreme. Now, the weight of metal of the fineness 897, Avhich 
Would contain 1000 parts of silver, is 1114.83, as found by the proportion— 

897 : 1000 : : 1000 : 1114.83, 

The nearest integer to this number is employed, and the weight of metal 
taken for the assay is 1115. 


PROCESS OF ASSAY. 

The reserved silver coins are melted together in a black-lead crucible, with 
the addition of fine charcoal within the pot, to prevent oxidation, and to allow 
of di])ping out. After stirring, a small portion of the fluid metal is poured 
quickly into water, ])rodueing a (jramdation, from which the portion for assay is 
taken. As this difiers from the mode pursued with gold, it must be speciallv 
noted that in the case of silver alloyed with copper tliere is a separation, to a 
greater or less degree, between the two metals in the act of gradual solidifica¬ 
tion. Thus an ingot cooled in a mould, or any single coin cut out of such ingot, 
though really 900 thousandths fine on the average, will show such variations, 
according to the place of cutting, as might even exceed the limits alloAVcd by 
law. This fact has been estal)lished by many experiments, both in this mint 
and the mint of Paris, since the enactment of our mint law; and it possesses the 
stubltornness of a law of chemistry. But the sudden chill produced by throwing 
the liquid metal into w’ater yields a granulation of entirely homogeneous mix- 
time, and it can be proved that the same fineness results, whether by assaying a 
single granule, or part of one, or a number together. 

Jbh'om this sample the weight of 1115 thousandths is taken, which is dissolved 
in a glass bottle with nitric acid. 

Into this solution the large pipette-full of standard solution of salt is intro¬ 
duced, and it produces immediately a Avhite precipitate, which is chloride of silver, 
and which contains, of the metallic silver, 1000 parts. 

To make this chloride subside to the bottom of the vessel and leave the liquid 
clear, it is necessary that it be \dolently shaken in the bottle; and this is accord¬ 
ingly done by a mechanical arrangement, for the necessary time. 

Unless the coins have chanced to be below the allowable limit of standard, 
the liquid will still contain silver in solution, and accordingly a portion of the 
decimal solution is introduced from the small pipette, capable of precipitating a 
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tlioiisamlth of silver, uii<l a white cloud of chloride unll show itself. More doses 
arc added if the indications require it. 

The liquid is again shaken and. cleared; and the process is thus repeated 
until the addition of the salt water shows only a faint trace of chloride below 
the upper surface of the b’qnid. 

Let ns sup])Ose, for the sake of an example, that three measures of the decimal 
solution have been used with effect. This will show that the'1115 j)art,s of the 
coin contained lOOo of ])ure silver; and thus the proportion of pure silver in the 
whole alloyed metal is ascertained. 

TEST ASSAY. 

For the foregoing process to bo exact, it is necessary that the saline solution 
be of the true standard strength, or be such that the quantity of it, measured in 
the large pipette, shall bo just snlKcient to precipitate 1000 parts of silver. This 
cannot be assumed without proof, and a test assay is accordingly made as fol¬ 
lows : 

A roll of silver, known to be of absolute purity, is kept from year to year, in 
an envelope, under the seal of the chairman of the assay commissioners. This 
l)eing opened in their presence, a portion of the silver is taken, and 1004 parts 
carefully weighed off and submitted to the process of assay described above. If 
the salt water used be of the exact standard, it is evident that as the solution in 
the larger pipette will precii)itate 1000 parts of silver, four measures of the deci¬ 
mal solution will be required to precipitate the remaining four parts. 

But as the nonnal or standard solution is affected, from diiy to day, by changes 
of temj)erature or other influences, the finishing decimal doses may be more or 
fewer; and the other assays are to be corrected by the proof-piece accordingly. 

CALCULATION OF FINENESS. 

By the assay thus corrected, the number of parts of silver contained in 1115 
of the metal under trial is ascertained; and the fineness, in thousandths, is then 
found by the proi)ortiou: As 1115 is to the vmmbcr of parts of fine silver, so is 
1000 to the fineness of the alloyed silver, in thousandths. 

fl’hus, if the assay show the presence 1005i parts of fine silver, the fineness 
of the alloyed silver will be 901.8 thousandths, as found by the proportion— 

1115 : 100.5.5 : : 1000 : 901.79. 

It is on this principle that the following table is constructed. The numbers 
at the top and the fractions at the side correspond to the measures of the decimal 
solution used, corrected by the test assay. The numl)ors in the body of the table 
show the corresponding fineness of the assay-piece, of which the weight was 1115 
parts: 



0 

1 

2 

3 

4 

5 

6 

0 

89G.9 

897.7 

898.G 

899.6 

900.4 

901.3 

902.2 

4 

897.1 

898.0 

898.9 

899.8 

900.7 

901.6 

902.5 

i 

897.3 

898.2 

899.1 

900.0 

900.9 

901.8 

902.7 

3 

897.5 

898.4 

899.3 

900.2 

901.1 

902.0 

902.9 















426 


ASSAY OF GOLD AND SILVER COINS. 


lu tlie testing of single pieces it is to be expected that any gold coin, or a cut 
from any part thereof, will conform faithfully to the bounds prescribed by law. 
But the silver coins, in addition to the soiwce of error already pointed out, (the 
manner of taking assay samples,) are somewhat liable to show too high a result, 
from several causes. At certain grades of alloy, and especially the standard of 
900, the gradual cooling of ingots will draw the better metal to the interior, and 
the worst towards the exterior and the edges. Hence the fineness of pieces cut 
off the central part of the ingot is higher than the average fineness of the ingot. 
Again, in casting ingots from a melting-pot the exposure of the metal to the air 
during all the time of dijiping out, and at the same time the increase of heat 
towards the bottom of the pot, unavoidably produces a progressive rehuing, so 
that the lower ingot is of a higher quality than the average of the whole melt; 
and, of course, a coin cut from it will be higher still. Yet with the precautions 
observed, our silver coins should very rarely exceed the superior limit assigned 
by law; and there is no good reason why they should fall below the legal limit, 
unless it be the taking of an unfair sample for assay. 


A STATEMENT OF FOREIGN GOLD AND SILVER COINS, PRE¬ 
PARED BY THE DIRECTOR OF THE MINT, TO ACCOMPANY 
HIS ANNUAL REPORT, IN PURSUANCE OF THE ACT OF 
FEBRUARY 21 , 1857. 


EXPLANATORY REMARKS. 

The first column embraces the names of the countries where the coins are 
issued; the second contains the names of the coin, only the principal denomina¬ 
tions being given. The other sizes are proportional; and when this is not the 
case, the deviation is stated. 

The third column expresses the weight of a single piece in fractions of the 
troy ounce canned to the thousandth, and in a few cases to the ten thousandth, 
of an ounce. The method is preferable to expressing the weight in grains for 
commercial purposes, and oonesponds better with the terms of the mint. It may 
be readily transferred to weight in grains by the following rules: Remove the 
decimal point; from one-half deduct four per cent, of that half, and the remain¬ 
der will be grains. 

The fourth column expresses the fineness in thousandths, L e. the number of 
parts of pure gold or silver in 1000 parts of the coin. 

The fifth and sixth columns of the first table express the valuation of gold. 
In the fifth is shown the value as compared with the legal contents, or amount 
of fine gold in our coin. In the sixth is shown the value as paid in the mint, 
after the uniform deduction of one-half of one per cent. The former is tlie value 
for any other jnirposes than re-coinage, and especially for the purpose of com¬ 
parison ; the latter is the value in exchange for our coins at the mint. 

For the silver there is no fixed legal valuation, the law providing for shifting 
the price according to the condition of demand and supply. The present price 
of standard silver is 122^ cents per ounce, at which rate the values in the fifth 
column of the second table are calculated. In a few cases, Avhere the coins could 
not be procured, the data are assumed from the legal rates, and so stated. 



ASSxVY OF GOLD A2sD SILVER COINS 


427 


Gold Coins. 


Country. 


Australia. 

Australia.. 

Austria.. 

Austria.. 

Austria.. 

Ilel^ium.. 

Bolivia.. 

Brazil.. 

Centra] America 
Central America 

Chili.. 

Chili.. 

Denmark ...... 

Ecuador. 

England . 

England.. 

France.. 

France.. 

Germany, north 
Germany, north 
Germany, north 
Germany, south 

Greece. 

Ilindostan.. 

Italy.. 

Japan. 

Japan. 

ilcxico. 

Mexico.. 

Mexico.. 

Naples. 

Netherlands .... 
New Granada.., 
New Granada.- 
New Granada.. 

Peru. 

Peru. 

Portugal ..i.... 

Prussia. 

Koine. 

Kussia. 

Spain. 

Spain. 

Sweden. 

Tunis. 

Turkey. 

Tuscany.. 


Denominations. 

Weight. 

Fineness. 

Value. 

Val. after 
Deduct’u. 

Pound Of 18r>2.. 

Or. Dec. 
0,2dl 

Tliovs. 
DIG. 5 

.$5.32.4 

$5.29.7 

Sovereign of 1855-’G0. 

0.250.5 

91G 

4.85.7 

4.83.3 

Ducat. 

0.112 

986 

2.28.3 

2.27 

Sovereign. 

0.3G3 

900 

6.75.4 

6.72 

New Union Coin—assumed. 

0.357 

900 

6.64.2 

G. GO. 9 

25 Francs. 

0.254 

899 

4.72 

4.69.8 

Doubloon. 

0. 8G7 

870 

15.59.3 

15.51.5 

20 ililreis. 

0.575 

917.5 

10.90.6 

10.85. 1 

2 Escudos. 

0.209 

853.5 

3.68.8 

3.66.9 

4 Reals. 

0.027 

875 

0.48.8 

0.48.6 

Old Doubloon. 

0.8G7 

870 

15.59.3 

15.51,5 

10 Pesos... 

0.492 

900 

9.15.4 

9. lO.S 

10 Thaler. 

0.427 

895 

7.90 

7.86,1 

4 Escudos. 

0.433 

844 

7.55.5 

7.51.7 

Pound or Sovereign, new.. 

0.25G. 7 

910.5 

4.86.3 

4.83.9 

Pound or Sovereign, avc’ge. 

0.25G.2 

91G 

4.85.1 

4.82.7 

20 Francs, new. 

20 Francs, average. 

0.207.5 

899 

3.85.8 

3.83.9 

0.207 

699 

3.84.7 

3.82.8 

10 Thaler. 

0.427 

895 

7.90 

7.86.1 

10 Thaler, Prussian. 

0. 427 

903 

7.97.1 

7.93.1 

Krone (Crown). 

0.357 

900 

6.64.2 

6. GO. 9 

Ducat. 

0.112 

986 

2.28.2 

2.27.1 

20 Drachms. 

0.185 

900 

3.44.2 

3.42.5 

Mohur. 

0.37 4 

916 

7.08.2 

7. 04.6 

20 Lire. 

0.207 

898 

3.84.3 

3.82.3 

Old Cobaug... 

0. 3G2 

5G8 

4.44 

4.41.8 

Old Cobang. 

0.289 

572 

3.57.6 

3.55.3 

Doubloon, average. 

0.8G7.5 

866 

15.53 

15. 45.2 

Doubloon, new. 

0.8G7.5 

870.5 

15.61.1 

15.53.3 

20 Pesos (Max.). 

1.08C 

875 

19.64.3 

19.54.5 

G Ducati, new. 

0.245 

996 

5.04.4 

5.01.9 

10 Guilders . 

0.215 

899 

3. 99.7 

3.97.6 

Old Doubloon, Bogata. 

0.8G8 

870 

15.61.1 

15. .53.3 

Old Doubloon, Popayan... 

0.8G7 

858 

15. 37.8 

15..30.1 

10 Pesos ................. 

0.525 

891.5 

868 

9.67.5 
15.55.7 

9.62,7 

Old Doubloon. 

0.8G7 

15.47.9 

20 Soles. 

1.055 

898 

19.21.3 

19.11.7 

Gold Crown. 

0. 308 

912 

5.80.7 

5.77.8 

New Crown—assumed. 

0.357 

900 

6.64.2 

6. GO. 9 

2J Scuiii, new. 

0.140 

900 

2.60.5 

2. .59.2 

5 Roubles. 

0.210 

910 

3.97.6 

3.95.7 

100 Reals. 

0.2G8 

896 

4.90.4 

4.93.9 

80 Reals. 

0.215 

869.5 

3. SG. 4 

3.84.5 

Ducat. 

0. Ill 

875 

2.23.7 

2.22.6 

25 Piastres. 

0.1 G1 

900 

2.99.5 

2 . 98.1 

100 Piastres. 

0.231 

915 

4.36.9 

4.34.8 

Seguin. 

0.112 

999 

2.31.3 

2.30.1 


C5 cn cr: ^ o 00 
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Silver Coins, ' 


Country. 


Austria. 

Axistria.. 

Austria.. 

Austria. 

Austria. 

Austria.. 

Belgium. 

Bolivia. 

Bolivia.. 

Brazil.. 

Canada. 

Central America 

Chili.. 

Chili. 

China.. 

China. 

Denmark___ 

England. 

England.. 

France. 

France . 

Germany, north . 
Germany, north , 
Germany, south . 
Germany, south 

Greece. 

Ilindostan. 

Japan.. 

Japan.. 

Mexico. 

Mexico.. 

Mexico_... 

Naples. 

Netherlands. 

Norway.. 

New Granada.... 

Peru. 

Peru.. 

Peru.. 

Peru. 

Prussia. 

Prussia.. 

Eomc. 

Eussia.. 

Sardinia. 

Spain. 

Sweden. 

Switzerland .... 

Tunis.. 

Turkey. 

Tuscany. 


Denominations. 

Weight. 

Fineness. 

Old Eix Dollar. 

Oz. Dec. 
0.902 

Thous. 

833 

Old Scudo. 

0.836 

902 

Florin before 1858. 

0.451 

833 

New Florin. 

0.397 

900 

New Union Dollar. 

0.596 

900 

Maria Theresa Dollar, 1780.... 

0.895 

838 

5 Francs. 

0.803 

897 

New Dollar. 

0.643 

903.5 

Half Dollar. 

0.432 

667 

Double Milreis. 

0.820 

918.5 

20 Cents. 

0.150 

925 

Dollar. 

0.866 

850 

Old Dollar. 

0.864 

908 

New Dollar. 

9.801 

900.5 

Dollar, (English)—assumed_ 

0.866 

901 

iO Cents. 

0.087 

901 

2 Rigsdaler. 

0.927 

877 

Sliilling, new. 

0.182.5 

924.5 

Shilling, average. 

0. 178 

925 

5 Franc, average. 

2 Franc. 

0.800 

900 

0.320 

835 

Thaler before 1857 . 

0.712 

750 

New Thaler. 

0.595 

900 

Florin before 1857. 

0.340 

900 

New Florin—assumed. 

0.340 

900 

5 Drachms.*.. 

0.719 

900 

Rupee. 

0.3^ 4 

916 

Itzebu. 

0.279 

991 

New Itzebu. 

0.279 

^ 890 

Dollar, new. 

0.867.5 

903 

Dollar, average. 

0.866 

901 

Peso of Maximilian. 

0.861 

902.5 

Scudo . 

0.844 

830 

2^ Guilders.. 

0.804 

944 

Specie Daler. 

0.927 

877 

Dollar of 1857 . 

0.803 

896 

Old Dollar. 

0.866 

901 

Dollar of 1858. 

0.766 

909 ' 

Half Dollar 1835 and 1838. 

0.433 

650 

Sol. 

0.802 

900 

Thaler before 1857 . 

0.712 

750 

New Thaler. 

0.595 

900 

Scudo. 

0.864 

900 

Rouble. 

0.667 

875 

5 Lire. 

0,800 

900 

New Pistareen. 

0.166 

899 

Rix Dollar. 

0.092 

750 

2 Francs. 

0.323 

899 

5 Piastres. 

0.511 

898.5 

20 Piastres. 

0.770 

830 

Florin. 

0.220 

925 


Value. 


$1.02.3 

1.02.6 

51.1 

48.6 

73.1 
1.02.1 

98 

79.1 

39.2 
1.02.5 

18.9 
1.00.2 
1.06.8 

98.2 
'1.06.2 

10.6 
1.10.7 

23 

22.4 
98 

36.4 

72.7 

72.9 

41.7 

41.7 
88.1 

46.6 

37.6 

33.8 
1.06.6 
1,06.2 
1.05.5 

95.3 
1. 03.3 
1.10.7 

98 

1.06.2 

94.8 

38.3 
98.2 

72.7 

72.9 
1.05.8 

79.4 
98 
20 . 

1 . 11 . 

39. 

62. 

87 

27.6 


m 
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